OBJECTIVE: It is common clinical practice to counsel parents expecting an early-moderate premature birth. The aim of the current study was to assess maternal knowledge of potential problems of prematurity after counseling. STUDY DESIGN: Prospective study of 49 participants admitted between 23 and 33 weeks gestation with threatened premature birth; a prematurity knowledge questionnaire and the State-Trait Anxiety Inventory were administered after counseling but before delivery. RESULT: Across all gestational-ages, participants were more aware of short-term problems than long-term problems. With increasing gestational age the knowledge of long-term problems decreased (P ¼ 0.01). Maternal knowledge was 82% for gestational ages where clear guidelines exist regarding goal of counseling and information that should be provided to the parents. CONCLUSION: Most mothers of early-moderate premature infants are not aware of the potential for long-term problems. Guidelines, which outline the information that should be provided to parents, may improve maternal knowledge after counseling.
INTRODUCTION
The American Academy of Pediatrics and the American College of Obstetrics and Gynecology have outlined the problems and outcomes of prematurity, which parents anticipating birth between 22 and 25 completed weeks of gestation need to know to participate in shared decision-making regarding the extent of resuscitative efforts. 1, 2 Although there are no counseling recommendations for births beyond 25 completed weeks of gestation, it is common clinical practice to counsel parents expecting a more advanced premature infant. The need for routine counseling regarding immediate neonatal problems for premature birth at less than 33 completed weeks of gestation is supported by their need for specialized care in the neonatal intensive care unit (NICU). 3 Over the long-term, there is accumulating evidence that even early-moderate premature infants have increased risk of cognitive compromise, 4, 5 neurologic problems 4 and psychiatric disorders. 6 Studies of Family Centered Neonatal Care find that parents request that long-term outcome information be shared with them. 7, 8 As knowledgeable parents are valuable advocates for their child, and they offer a different perspective than that of the medical professionals, these counseling efforts are necessary, given the lack of health literacy and poor knowledge of prematurity in the general population. 9, 10, 11 Despite the widespread practice of prenatal counseling for prematurity, there are major limitations to effective sharing of information in this setting. Most notably, prenatal counseling for prematurity is usually performed during a maternal hospital admission for threatened preterm delivery, either because of spontaneous labor or an obstetric indication such as pregnancy induced hypertension. However, this period before delivery is not ideal for counseling and poses many challenges for both the counselor and the parents. 12 The informational needs of the parents differ across various gestational ages and according to particular clinical situations. It is neither possible nor feasible to prepare all parents for all important issues in this setting; information has to be prioritized and tailored to meet the immediate parental needs.
We undertook this study to evaluate the effectiveness of our current method of counseling these families, and to identify their unmet informational needs. To this end, the goal of the study was to evaluate knowledge of gestational-age-specific problems, treatments and complications of prematurity; after counseling but before delivery, among participants admitted for threatened preterm delivery at X23-week and p33-week gestation.
METHODS

Subjects, setting and institutional review board approval
The study was conducted in two area hospitals between November 2006 and March 2007. Both hospitals have labor and delivery units and a level-3 NICU. The Institutional Review Boards of the respective hospitals approved the study.
Inclusion criteria. Eligible participants included English-speaking pregnant women of all ethnic groups who were admitted to labor and delivery at X23-week and p33-week gestation, and who were assessed by the obstetric team to warrant counseling for prematurity by a neonatal professional because of threatened premature delivery during the current admission.
Exclusion criteria. Participants with pregnancies with known birth defects were not included as counseling may differ in these situations. Participants who gave birth before completion of the study questionnaires were excluded.
Knowledge questionnaire. The questionnaire consisted of 33 items designed to assess knowledge of prematurity and 13 items for feedback of the counseling event. The content of the knowledge questionnaire was based on the American Academy of Pediatrics Clinical Report, 1 which outlines information that parents need to know to effectively participate in decision-making regarding their child between 22 and 25 completed gestation weeks. The knowledge domains included gestational-age-specific problems of prematurity, common treatment approaches and complications of therapy. We classified problems usually diagnosed during the NICU stay as short-term problems and those diagnosed after NICU discharge as long-term problems. Short-term problems included respiratory distress syndrome, intra-ventricular hemorrhage, infections, feeding problems and retinopathy of prematurity; long-term problems included chronic lung disease, cerebral palsy, vision impairment, hearing impairment, behavior problems and learning problems. Expectations of maternal knowledge were modified with increasing gestational age. Knowledge of retinopathy of prematurity 13 and awareness of need for blood transfusion was not expected beyond 30 weeks gestation; knowledge of intra-ventricular hemorrhage was not expected beyond 32 weeks gestation. In our institution, we do not routinely perform screening ultrasounds for intra-ventricular hemorrhage beyond 32 completed weeks of gestation.
14 The Knowledge Questionnaire was tested for readability, face validity, and content validity by a sample of neonatal intensive care parents, nurses and physicians. If needed, study personnel could help participants read the questionnaire or write down answers provided by the participants. Participants were asked to respond in a yes/no format to indicate whether a specific problem or treatment would apply to their infant. For five items, participants were instructed to write a number or use words to indicate the probability of the select outcome; these included rates of survival, severe intra-ventricular hemorrhage, severe retinopathy of prematurity, chronic lung disease and survival without significant problems in the NICU.
State-trait anxiety inventory 15 . This instrument has been validated in pregnant women 16 and used in numerous studies. Each participant's state of anxiety was assessed by answering 20 short questions requiring less than 5 min to complete. A lower score indicates less anxiety.
Additional data collection. The maternal chart was reviewed to obtain demographic information and assess documentation of counseling.
Counseling event. All information during counseling was provided verbally to the participant and her support person in a face-to-face meeting by a neonatologist, neonatal fellow or neonatal nurse practitioner. In the study centers the neonatal fellows and nurse practitioners learn to counsel by observing consultations performed by an attending neonatologist. The counselors are familiar with gestational age cut-offs used to screen for problems of prematurity, such as intra-ventricular hemorrhage and retinopathy of prematurity. The counselors also attend section meetings where data from Vermont Oxford Neonatal Network are regularly reviewed. Consistent with the usual practice at the study hospitals, the details of the gestational age-specific counseling topics covered during counseling and documentation in the mother's chart were completed at the discretion of the counselor.
Study enrollment. Consent for study participation was sought when inclusion criteria were met and after the mother had received counseling. After consent, participants completed the Knowledge Questionnaire and the state-trait anxiety inventory. The study personnel did not provide counseling to any of the participants.
Statistical methods and data analysis
The 28 items requiring yes/no responses were assessed based on general neonatal knowledge. Vermont Oxford Neonatal Network outcome data were used as the standard to assess the five items requiring knowledge of numerical data. In order to not be too stringent on the participants' memory regarding numerical data recall and not underestimate parental knowledge, answers in ± 20% range or a write-in response showing knowledge of the numerical data were accepted as a correct response. Student's t-tests were used to assess differences in means for continuous data. w 2 -test was used to compare categorical variables. Comparison across gestational ages was performed using linear regression for continuous variables and logistic regression for categorical variables. STATA 9 was used for analysis. A P-value of o0.05 was considered significant.
RESULTS
During the study period, 63 inpatient pregnant women were referred for counseling; of these, 13 did not meet inclusion criteria.
The remaining 50 women consented to participate. One participant was excluded because she gave birth before completing the questionnaire. Forty-nine participants completed the study.
Participant characteristics
Participant characteristics are shown in Table 1 . None of the participants were overtly distressed while answering the questionnaire and none asked for help in reading or answering the questionnaires. Anxiety of the participants, as measured by the state-trait anxiety inventory, was significantly higher than the normative population (P ¼ 0.006). Level of anxiety was independent of gestational age (Figure 1 ), maternal age, race, education or presence of a support person.
Counseling characteristics Completion of the study questionnaires occurred at a median of 13 h after counseling (interquartile range, 2-22 h). Sixty-five percent of the counseling was performed by neonatal fellows and the remainder by neonatologists (18%) and neonatal nurse practitioners (16%). Sixty-seven percent of the counseling events occurred between 8 am and 6 pm. For 88% (38/49) of the counseling events there was some documentation by the counselor in the participant's chart; the likelihood of documentation decreased with increasing gestational age (P ¼ 0.006). The time spent to counsel was recorded for 12% (6/49) of the counseling events and ranged from 50 min at 24 weeks to 20 min at 30 weeks.
Maternal knowledge of problems, treatments and complications Table 2 shows gestational-age-specific maternal knowledge of problems of prematurity after counseling. Across all gestational ages, maternal knowledge of short-term problems was more than knowledge of long-term problems (87% vs 52%). With increasing gestational age, there were no changes in knowledge of shortterm problems; in contrast, the knowledge of all long-term problems decreased (P ¼ 0.01). Figure 2 shows the relationship between maternal knowledge of problems of prematurity and gestational-age-specific survival rates. There was a significant drop in knowledge of long-term outcomes beyond 26-week gestation-as chance of survival improved knowledge of long-term outcome decreased. With respect to specific outcomes, only 31% (15/49) of the participants knew the chance of survival for their child within 20 percentage points. The participants were least aware of the possibility that their child could have brain damage without having an intra-ventricular hemorrhage. There was no difference across gestational ages in participant's awareness of treatments such as labor and delivery resuscitation, oxygen, surfactant, ventilator, antibiotics and need for tube feeds. Awareness of need for placement of umbilical lines and blood transfusion was better in participants expecting less mature infants.
For the five items designed to evaluate participant's understanding of the probability of a select outcome happening, less than 10% of the participants were able to correctly quantify the probability of severe intra-ventricular hemorrhage (4/49), severe retinopathy (4/49), survival without significant problems in the NICU (5/49) and chronic lung disease (2/49).
Factors influencing maternal knowledge after counseling The influence of various confounding factors on participant knowledge was studied. Participant knowledge was negatively associated with higher gestational age (P ¼ o0.001), AfricanAmerican race (P ¼ 0.003) and magnesium sulfate administration (P ¼ 0.03). There was a trend suggesting a positive association with maternal education (P ¼ 0.051). The African-American participants had less education (P ¼ 0.02) than Caucasian participants; however, magnesium sulfate exposure (P ¼ 0.42) and gestational age (P ¼ 0.41) were not different. We did not find an association of participant knowledge after counseling with maternal age, presence of a support person during counseling, participant anxiety level, having a previous preterm infant and public insurance.
DISCUSSION
No previous study has assessed maternal knowledge of prematurity after counseling but before delivery, a time period when counseling is challenging but important treatment decisions are often necessary. Previous studies of prenatal counseling have focused on births at the threshold of viability; the current study is the first to report on counseling and information needs of parents expecting more advanced premature infants. The main findings from the current prospective study are (1) with increasing gestational-age, there was no change in the knowledge of short-term problems; whereas, the knowledge of long-term Figure 1 . Gestational-age-specific level of anxiety in women with threatened preterm delivery. problems decreased; (2) at all gestational ages, maternal knowledge after counseling was better for short-term problems than long-term problems; (3) mothers expecting an early-moderate premature infant are as anxious as mothers expecting an extremely premature infant. With increasing gestational age, why is there a decrease in maternal knowledge of long-term problems? And why might it matter? We propose three potential explanations.
First, counseling may differ at later gestations because there are no decisions to be made regarding the extent of neonatal resuscitation. Despite that fact, other obstetric treatment decisions may be influenced by maternal knowledge and preferences. In the United States, preterm labor induction beyond 27 weeks gestation has increased in the last decade 17 and 42% of the singleton premature deliveries occur due to obstetric interventions without spontaneous labor. 18 In many instances, preterm delivery may be clearly indicated for maternal or fetal health indications. However, there is not always sufficient data to know whether to continue treatments such as antibiotics for prolonged rupture of membranes or anti-hypertensive therapies. In fact, a study by Gyamfi-Bannerman et al. 19 found that the majority of preterm deliveries are not based on evidence endorsed by the American College of Obstetrics and Gynecology or published expert opinion (level-III evidence). Other investigators have voiced concern that some of these deliveries may not be indicated. 20, 21 In light of this evidence, our finding that parents expecting more advanced premature infants are not aware that early-moderate premature birth may result in problems later in life identifies an important unmet informational need of these parents. Just as parental counseling and shared-decision-making has become the accepted practice for births at the threshold of viability there is now a need to extend this practice to include more advanced premature births. For births beyond 25 weeks of completed gestation, in clinical situations when no decisions are required, such as in cases of spontaneous preterm delivery, it may not be necessary to inform parents of potential long-term problems before birth and this information can be provided during the NICU stay after the initial shock of preterm birth is over. However, if a pregnancy is being interrupted prematurely with an obstetric intervention, principles for informed consent require disclosure of long-term outcome information and when possible, patient participation in decision-making. 22 Another reason that counseling may differ at later gestational ages may be an attempt not to frighten families. Our study found that women expecting an early-moderate preterm delivery were just as anxious as women expecting an extremely premature birth. In a recent randomized trial, we found that more detailed written outcomes information did not increase the psychological burden of mothers, and in fact, was associated with more knowledge and decreased anxiety. 23 Because uncertainty is an important burden for parents with a threatened preterm delivery, it is possible, because of lack of knowledge of long-term outcome, parents expecting an early-moderate premature birth over-estimate their infant's risk of long-term morbidity. In this setting, providing more concrete outcome statistics may in fact be reassuring to families and help reduce their relatively high anxiety.
A third reason why counseling might differ at later gestations is that long-term outcomes might be less of a priority, both for the counselors and for the families, at later gestations. In a national survey of NICU medical directors we found that all 352 of the responding hospitals in 47 states offered prenatal counseling up to at least 33 weeks of completed gestation (manuscript submitted for evaluation); this finding suggests that neonatologists, obstetricians, and families believe that this parental education is important. It might be possible to develop guidelines analogous to those by the American Academy of Pediatrics and the American College of Obstetrics and Gynecology about counseling at the threshold of viability that can account for some of this variability in priorities, highlighting the need for more detailed attention to gestational-age-specific outcomes, which best address parental concerns and allow them to participate in obstetric decision-making as needed. Our study highlighted the discrepancy in parental knowledge at earlier and later premature delivery; future research is underway to assess parental preferences for counseling.
The impact of race on maternal knowledge presented a troublesome but important finding as African-Americans have the highest rate of premature births. African-American participants in our study were less educated (P ¼ 0.02), which may contribute to less knowledge after counseling. Other investigators have reported that African-American patients receive less participatory healthcare delivery, especially when physician and patients were from different racial groups. 24, 25 Although 29% of the participants were African-American, we did not have a single African-American counselor. Further work needs to be done to best serve this high-risk population.
Less knowledge among participants receiving magnesium sulfate during counseling was not surprising, as this medication negatively affects attention and rapid information processing ability. 26 However, it is concerning that 25% of our participants were receiving this medication, and we provided counseling to them in the same manner as other participants. Evidence of neuro-protective benefits of magnesium sulfate is likely to further increase utilization during preterm labor. 27 Use of aids to supplement verbal information or counseling before starting the medication may help minimize this barrier.
This study has limitations. First, this is a single center experience and findings cannot be generalized to centers with structured counseling programs. Second, our study population was well educated; institutions that serve less advantaged populations may have even less desirable outcomes after counseling. Third, we did not estimate knowledge of prematurity before counseling because we felt additional questionnaires might be too burdensome for laboring participants. This compromise appears beneficial, as all eligible women consented to study participation and most women participated enthusiastically. Last, to minimize any study effects on the counseling sessions themselves, we did not assess counseling content by administrating a questionnaire to the counselors. Nevertheless, this is the first prospective study of maternal knowledge of prematurity during the precious time interval between counseling but before delivery; all study eligible women during the study period were enrolled in the study.
CONCLUSIONS
Maternal knowledge after counseling is better for p25 week gestational ages where clear guidelines exist, where decisions need to be made regarding resuscitative strategies. In contrast, many parents expecting an early-moderate premature delivery are unaware of the long-term implications of premature birth, even after counseling.
FUTURE DIRECTION
More research and dialog is needed to better define the goals and expectations of counseling beyond 25 weeks gestation. Strategies to improve parental knowledge of long-term outcomes are needed for all premature births.
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